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[57] ABSTRACT 

Disclosed is an image data processor for processing input 
image data representing the gray level of each of pixels 
constituting an image to produce output image data repre- 
senting the gray level of each of pixels constituting an output 
image. The relative position of the pixel corresponding to 
the input image data in a group of pixels including a 
predetermined number of pixels is identified. The input 
image data is subjected to data processing corresponding to 
the relative position of the pixel in the group of pixels on the 
basis of the result of the identification. Consequently, gray 
levels are represented by (he entire group of pixels. 

24 Claims, 7 Drawing Sheets 
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IMAGE DATA PROCESSOR FOR 
REPRESENTING GRAY LEVELS BY A 
PLURALITY OF PIXELS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image data processor 
and an image data processing method for processing input 
image data representing the gray level of each of pixels 
constituting an image to obtain output image data capable of 
satisfactorily representing gray levels. Hie present invention 
further relates to an image forming apparatus comprising the 
above-mentioned image data processor. 

2. Description of the Related Art 

A color copying machine so adapted as to read a color 
original by a CCD (Charge Coupled Device) scanner for 
each pixel to convert the color original into data representing 
the three primary colors (additive), read (R), green (G) and 
blue (B) and forma color image on the basis of each of the 
data has been conventionally used The R, G and B data 
which are outputted from the scanner are converted into data 
representing the three primary colors (subtractive), cyan (Q, 
magenta (M) and yellow (Y) which are the additive comple- 
mentary colors of read (R), preen (G) and blue (B). Each of 
the C, M and Y data is, for example, S-bit linage data 
representing density at 256 gray levels. The C, M and Y data 
are subjected to black producing processing for producing 
data representing black (BK), and the CM and Y data after 
the black producing processing are further subjected to 
suitable correction. 

The C, M» Y and BK data are given to a laser emitting 
section. Laser light at a light quantity level corresponding to 
each of the data is outputted from the laser emitting section. 
A correspondence between the data and the output light 
quantity level is so set as to be linear. 

For example, me surface of a photoreceptor is scanned by 
the laser light at a light quantity level corresponding to the 
C data, whereby an electrostatic latent image corresponding 
to cyan is formed on the surface of the r±otcreccptoL Hie 
electrostatic latent image is developed into a cyan toner 
image. The gray level of the toner image corresponding to 
each of pixels is substantially equal to the gray level of the 
final copy image. The gray level of the toner image corre- 
sponding to each of the pixels on the surface of the photo- 
receptor is hereinafter referred to as an "output gray level". 
The output gray level is determined by the number of toner 
particles adhering on a unit area corresponding to each of the 
pixels on the surface of the photoreceptor (the diameter of 
each of dots formed by the adhering toner). Specifically, the 
higher the output gray level is, the higher the density of the 
pixel is. Since the number of toner particles »<nwHng on the 
photoreceptor depends on the output light quantity level of 
the laser light, it can be also said that the output gray level 
is determined by the output light quantity level of the laser 
light 

The toner image formed on the surface of the photore- 
ceptor is transferred onto a paper sheet Similarly, magenta, 
yellow and black toner images, which to the M data, the Y 
data and the BK data, are transferred one over the other onto 
the paper sheet The toner particles transferred on the paper 
sheet are heated and fixed on the paper sheet In such a 
manner, color copying is achieved. 

Although a correspondence between the C, M, Y or BK 
data given to the laser emitting section and the output light 
quantity level of the laser light emitted from the laser 
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emitting section is linearly set, this is based on the premise 
that the relationship between the output light quantity level 
of the laser light and the output gray level is linear. However, 
the relationship between the output light quantity level of the 

5 laser light and the output gray level are not strictly linear (tie 
to the characteristics of the photoreceptor. 

FIG. 7 is a diagram showing the gamma characteristics 
which are the relationship between the output light quantity 
level of the laser light and the output gray level. Since the 

10 output light quantity level of the laser light corresponds to 
the gray level of the C, M, Y or BK data, the gamma 
characteristics are the input-output characteristics of a 
printer section including the laser light emitting section, the 
photoreceptor and the like. 

13 As apparent from FIG. 7, in an area where the output light 
quantity level of the laser light is relatively low, the output 
gray level is saturated, whereby toner hardly adheres on the 
photoreceptor. On the other hand, even in an area where the 
output light quantity level of the laser light is high, the 

20 output gray level is similarly saturated. 

The relationship between the output light quantity level of 
the laser light and the output gray level is thus non-linear. In 
the above-mentioned color copying machine, even if the 
color original is represented by data representing density at 

25 256 gray levels, only a color Image represented at approxi- 
mately 180 gray levels, for example, can be substantially 
formed That is, gray levels cannot be sufficiently repre- 
sented. 

SUMMARY OF THE INVENTION 

30 

A first object of the present invention is to provide an 
image data processor for producing output image data 
capable of sufficiently representing gray levels. 
A second object of the present invention is to provide an 

33 image farming apparatus capable of forming an image 
whose gray level is sufficiently represented. 

A third object of the present invention is to provide a 
method of producing output image data capable of suffi- 
ciently representing gray levels. 

40 An image data processor according to the present inven- 
tion processes input image data representing the gray level 
of each of pixels constituting an image to produce output 
image data. The output image data represents the gray level 
of each of pixels constituting an output image to be output- 

45 ted by image enrtputting means. According to the present 
invention, the relative position of the pixel corresponding to 
the input image data in a group of pixels including a 
predetermined number of pixels is identified. The input 
image data is subjected to data processing corresponding to 

so the relative position of the pixel in the group of pixels on the 
basis of the result of the identification. 

For example, when the image outputting means has 
input-output characteristics conforming to such gamma 
characteristics that the gray level of ao output image linearly 

55 changes with respect to input data in certain gray level 
range, while hardly changing outside the a certain gray level 
range, an upper cut value and an under cut value smaller than 
the upper cut value are determined in a range in which the 
gray level of the output image linearly changes. The entire 

60 gray level range of the input image data is divided into gray 
level area portions respectively corresponding to the pixels 
constituting a group of pixels, and the area portions respec- 
tively correspond to the positions of the pixels in the group 
of pixels. Data which linearly changes from the under cut 

65 value to the upper cut value with respect to input image data 
in each of the gray level area portions is outputted as output 
image data corresponding to the input image data. 
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Even if data cocresponding to n pixels constituting the area portions may be variably set Consequently, the gray 

group of pixels belong to the same gray level area portion, level at the boundary between the gray level area portions 

for example, fee output image data differs for each pixel. As can be changed, whereby the image can be formed at a gray 

a result, the gray level of an image to be formed is repre- level corresponding to the characteristics of the human eyes, 

sented by the gray levels of a plurality of pixels in combi- 5 For example, the ability of the human eyes to identify the 

nation. Consequently, since me number of representable change of a low gray level is relatively higher. Even if the 

gray levels increases, the gray level which cannot be suffi- boundary value in dividing the gray level range is set to be 

ciently represented due to saturation of the output gray level relatively high, therefore, an image of more levels can be 

can be also apparently sufficiently represented. apparently formed. 

Consequently, an image of many levels is satisfactorily 10 The foregoing and other objects, features, aspects and 

represented, whereby an image formed by the image out- advantages of the present invention will become more 
putting means can be increased in grade. 

apparent from the following detailed description of the 

It is preferable that the under cut value is outputted as present invention when taken in conjunction with the 

output image data with respect to input image data which is accompanying drawings. 

shy of the gray level area portion corresponding to the is , T „„ 

position of me pixel in the Joup of pixeToTme other BRIEF DESCRIPTION OF TUB DRAWINGS 

hand, it is preferable that the upper cut value is outputted as pjQ i ^ a block dia gram showing the entire construction 

output image data with respect to input Image data which of a digital color copying machine which is one emrx>diment 

exceeds the gray level area portion corresponding to the 0 f m image forming apparatus according to the present 

position of the pixel in the group of pixels. 20 fc^^. 

The group of pixels may be constituted by two pixels, fcr FIG. 2 is a block diagram fcr explaining converting 

example. In this case, the entire gray level range of the input processing in a level converting section constituting a part of 

image data is divided into two. For example, it is assumed me crying machine; 

tr^t both input image data corre^noing to the two pixels no. 3 isadiagramfc*expla^ 

correspond to a high gray level that belongs to a sa*rated * is ^^^^ 

area. At this time, output image data at the upper cut level * \7iV V> JTV ♦ 

is outputted with respect to one of the pixels, while image FIGS. 4(a) and 4(6) are i diagram* ^pectrvely represent- 

data, whose value is slightly small, linearly correspondmg to m conversion tables used in converting input image data 

the input image data is outputted with respect to the other outputted from an image scanner into output image data 

-fa^ ° 30 corresponding to the output light quantity of a laser scanning 

. . . . _ n ,„„ i. 1TWl „„ unit in the ream of conversion output characteristics; 

The size cf the pixel is generally very small for the human J _ 

eyes. Consequently, a gray level perceived by the human FIGS. 5(a) through 5(d) are diagrams for specifically 

eyes becomes a gray level as the entire group of pixels. explaining the characteristics of an embodiment indicating 

Therefore, the gray level perceived by the human eyes how the gray levels of two pixels apparently vary; 
becomes a gray level at which the gray levels of the pixels 3 FIG. € is a flow chart for explaining processing far 

are affected by one another. Consequently, since the gray determining an under cut output level and an upper cut 

level which cannot be represented by one pixel can be output level; and 

apparently represented by two pixels, the number of repre- fig. 7 is a diagram far explaining gamma characteristics 

sentable gray levels increases. ^ which are me relationship between the output light quantity 

Image data processing may be performed by providing for level of laser light and the gray level (output gray level) of 

each gray level area portion a data conversion table storing a toner image formed on a photoreceptor. 

mecaitpirtiniagedataw^ r^or^iimnM of THH PREFERRED 

cut value to the upper cut value with respect to the input DISCRIHTON OF T^EEREFERRED 

image data in the gray level area portion. 45 EMBODIMENTS 

Furthermore, it is preferable that the under cut value is set FIG. 1 is a schematic view showing the entire construe- 
to be equal to input data far the image outputriiig means in tion of a digital cclcc copying macrime which is one embodi- 
the vicinity of a paint at which the slope of an input-output ment of an image forming apparatus according to the present 
characteristic curve of the image outputting means changes invention. The digital color copying machine comprises a 
from a value of less than a predetermined threshold value to 50 scanner section 1 for reading an original and a printer section 
a value of not less than the predetermined threshold value in 3 serving as image outputting means for processing a signal 
the input-output characteristic curve. On the other hand, it is from the scanner section 1 to produce a color image. A 
preferable that the upper cut value is set to be equal to input transparent plate 3 on which an original is set is provided on 
data for the image outputting means In the vicinity of a point the scanner section 1. An automatic document feeder 4 is 
at which the slope of the input-output characteristic curve of 3S former provided above the transparent plate 3. The anto- 
the image outputting means changes firom a value of not less made document feeder 4 comprises a pair of driving rollers 
tfifln a predetermined threshold value to a value cf less than 5 and 6 and an endless belt 7 wound around the driving 
the {redetermined threshold value in the input-output char- rollers 5 and 6. A plurality of originals (not shown) set on an 
acteristJc curve. original tray 8 are fed one at a time onto the transparent plate 

As a result, the values of input image data in the vicinity « 3 by the automatic document feeder 4, and are set in a 

of the boundary between an area where the output gray level predetamincd position. 

is saturated and an area where it linearly changes are taken A scanning and reading section 14 comprising a light 

as the under cut value and the upper cut value. Consequently, source 11 and a one-dimensional color CCD (Charge 

images at the under cut level and the upper cut level can be Coupled Device) image sensor 12 is provided below the 
faithfully reproduced. 65 transparent plate 3. The scanning and reading section 14 is 

f^irmermore, a boundary value in dividing the gray level displaced back and forth along the transparent plate 3 upon 

range of the input image data into the plurality of gray level receipt of a driving force from an optical motor 15. 
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Consequently, the original set on the transparent (date 3 is 
illuminated and scanned. In the process of the illumination 
and scanning, light emitted from the light source 11 is 
reflected from the surface of the original, and the reflected 
light is incident on the image sensor 12 through a lens 16. 
Horizontal scanning of the original is achieved by electrical 
scanning using the image sensor 12, and vertical scanning of 
the original is achieved by mechanical scanning using the 
movement of the scanning and reading section 14. As a 
result, an output of the image sensor 12 which is provided 
in time scries becomes a signal representing an original 
image. Consequently, the image signal outputted from the 
image sensor 12 represents one original image which is 
constituted by a plurality of scanning lines each including a 
plurality of pixels. 

Data representing the three primary colors (additive), 
read, green and blue are outputted from the color image 
sensor 12. The respective data are converted into digital data 
in a preprocessing section 17 provided in me scanner section 
1, and the digital data are further converted into C, M and Y 
data respectively corresponding to cyan (C), magenta (M) 
and yellow (Y) which are the three primary colors 
(subtractive). Each of the C, M and Y data is, for example, 
8-bit data. Therefore, each of the C, M and Y data represents 
density at 256 gray levels. Further, the C, M and Y data are 
subjected to rffedeterrnined processing in the preprocessing 
section 17, whereby BK data corresponding to black is 
further produced in addition to the C, M and Y data. The C, 
M, Y and BK data are given to an inpm-output level 
converting section (hereinafter merely referred to as a "level 
converting section*^ 13 which is an image data processor 
according to one embodiment of the present invention. 

Each of the C M, Y and BK data given to the level 
converting section 13 shall be hereinafter referred to as 
"input image data**, and the gray level represented by the 
input image data shall be hereinafter referred to as an "input 
gray level". 

The level converting section 13 converts the given input 
image data into output image data in accordance with a 
prcdetenrrined rule, and then feeds the output image data to 
a laser scanning unit 21 in the printer section 2. The output 
image data corresponds to the output fight quantity level of 
laser light to be outputted from the laser scanning unit 2L 
The details of the operation of the level converting section 
13 will be described later. 

The laser scanning unit 21 outputs laser light 22 corre- 
sponding to an output right quantity level represented by the 
given output image data. The laser light 22 is introduced into 
a photoreceptor 23 which is in a rectangular parallelepiped 
shape, to expose the photoreceptor 23 The photoreceptor 23 
rotates in a direction indicated by an arrow 24 around its 
axis. The surface of the photoreceptor 23 before the expo- 
sure is uniformly charged by a charger 27. Therefore, an 
electrostatic latent image corresponding to the output light 
quantity level of the laser light 22 is formed on the surface 
of the photoreceptor 23 upon exposure made by the laser 
light 22. 

The electrostatic latent image is developed into a toner 
image by a developing section 25. At this time, the gray level 
of the toner image corresponding to each of the pixels is 
substantially the same as the gray level of the final copy 
image. The gray level of the toner image corresponding to 
each of the pixels shall be hereinafter referred to as an 
"output gray lever. The output gray level corresponds to the 
number of adhering toner particles in a unit area correspond- 
ing to one pixel (the diameter of each of dots formed by the 
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adhering toner). The amount of adhesion of toner depends 
on the output fight quantity level of the laser light 22, 
whereby it can be also said that the output gray level is 
determined by the output fight quantity level of the User 
5 light 22. 

The toner image is transferred onto a paper sheet wound 
around the transfer drum 26 which is in a rectangular 
parallelopiped shape and which is disposed in close prox- 
imity to the surface of the photoreceptor 23. The surface of 

to the photcfeceptor 23 on which the toner image has been 
transferred is cleaned by a cleaning device 28. 

The developing section 25 comprises a holding member 
30 for arranging and holding developing cartridges 25C, 
25M, 25Y and 25BK in this order from the top, which 

15 respectively hold cyan, magenta, yellow and black toner 
particles, and an up-and-down mechanism 31 for moving the 
holding member 30 up and down. By this construction, the 
developing cartridges 25C, 25M, 25Y and 25BK are 
switched in conformity with the C, M, Y and BK data given 

20 to the laser scanning unit 21, to abut against the photore- 
ceptor 23. Consequently, cyan, magenta, yellow and black 
toner images are successively formed on the surface of the 
photoreceptor 23. 

The transfer drum 26 is driven to rotate in a direction 
indicated by an arrow 35 around its axis so mat the periph- 
eral speed thereof becomes equal to the peripheral speed of 
the photoreceptor 23. A transferred 36 is provided inside the 
transfer drum 26. The transferred 36 transfers toner on the 
surface of the photoreceptor 23 to the paper sheet wound 
around the transfer drum 26 by nigh frequency discharges. 
In add-on, a pair of separators 37 for making the separation 
of the paper sheet easy by corona discharges is disposed on 
the downstream side of the transferred 36 with respect to the 
direction of rotation of the transfer drum 26. A separating 
claw 38 for separating the paper sheet on which the toner 
image has been transferred from the photoreceptor 23 is 
further provided on the downstream side of the separator 37. 
A cleaning device 39 for cleaning the surface of the 

40 transfer drum 26 from which the paper sheet has been 
separated is further provided around the transfer drum 26. 
The separating claw 38 and the cleaning device 39 are 
constructed so as to be movable toward and apart from the 
transfer drum 26. 

45 The paper sheet separated from the transfer drum 26 by 
the separating claw 38 is introduced by a conveying section 
40 into a fixing section 41, where fixing processing of the 
toner image on the surface of the paper sheet is performed. 
The paper sheet on which the toner image has been fixed is 

50 discharged outward through a paper discharging path 42 
Paper sheets have been stacked in cassettes 52 and 53, 
which is delivered by paper feeding rollers 54 and 55, and 
is introduced into a paper conveying path 58 by conveying 
rollers 56 and 57. The paper sheet is fed toward the transfer 

55 drum 26 after finely adjusting paper feeding timing by a 
registration roller 59 in the vicinity of the transfer drum 26. 
The fed paper sheet is held by a clip mechanism (not shown), 
and is wound around the transfer drum 26 as the transfer 
drum 26 rotates. 

60 The paper sheet wound around the transfer drum 26 is 
held on the surface of the transfer drum 26 before transfer of 
the cyan, magenta, yellow and black toner images is termi- 
nated. In a period during which the cyan, magenta and 
yellow toner images are formed on the paper sheet, the 

65 separating claw 38 and the cleaning device 39 are caused to 
retreat to positions separated from the transfer drum 26. 
After the toner images of the three colors have been trans- 
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fared on tbc paper sheet, the separating claw 58 and the 
cleaning device 39 are brought into contact with the transfer 
drum 26, whereby discharges in the separator 36 are 
induced. 

When the leading end of the paper sheet on which the 
toner image of black which is the fourth color has been 
transferred reaches the separating claw 38, the held state of 
the clip mechanism is released. The paper sheet separated by 
the separating claw 38 is introduced into the fixing section 
41 through the conveying section 40. 

When single color copying using black toner, for 
example, is made, the separating claw 38 and the cleaning 
device 39, of course, abut against the transfer drum 26 from 
the beginning, whereby the paper does not lead to the 
vicinity of the cleaning device 39. 

FIG. 2 is a block diagram for explaining converting 
processing of input image data in the level converting 
section 13. 

Input image data representing density at 256 gray levels 
is outputted for each pixel through the preprocessing section 
17, as described above, from the image scanner 12. The 
input image data is given to a RAM (Random Access 
Memory) 61 through a mechanical or electronic switching 
section 60, for example, and is given to a CPU (Central 
Processing Unit) 62 serving as position identifying means. 
The RAM 61, the CPU 62 and the switching section 60 
realize a function of data processing means in co-operation 
with one another. 

A conversion table for converting the given input image 
data into output image data representing the output light 
quantity level of the laser light 22 is stared in the RAM 61. 
The conversion table is constituted by two conversion 
tables, i.e., a first conversion table T M and a second con- 
version table T M . The first conversion table T M corresponds, 
in a group of pixels PN which is constituted by two pixels, 
Le„ a first pixel PI and a second pixel P2 as shown in FIG. 
3, to the first pixel PI on the upstream side in the direction 
of horizontal scanning M (the direction of horizontal scan- 
ning of the image sensor 12). The first pixel PI and second 
pixel P2 are continuous in the direction of horizontal scan- 
ning M. On the other hand, the second conversion table T 62 
corresponds to the second pixel P2 on the downstream side 
in the direction of horizontal scanning M. The above- 
mentioned input image data is given as an address to either 
one of the first conversion table T M and the second conver- 
sion table T b2 which are stored in the RAM 60. 
Consequently, data stored in an address designated by the 
input image data is outputted as output image data. 

Judgment which tf the conversion tables is to be given the 
input image data is made by the CPU 62. More specifically, 
the CPU 62 determines which of the first pixel PI and the 
second pixel P2 constituting the group of pixels FN corre- 
sponds to the given input image data. That is, the relative 
position of the pixel corresponding to the input image data 
in the group of pixels FN is identified. The identifying 
processing may be performed by using a counter which is 
cleared every time the input image data is given twice. 

When it is determined that the given input image data 
corresponds to the first pixel PI, the CPU 62 so controls the 
switching section 60 that the input image data is given to 
only the first conversion table T &1 . On the other hand, when 
it is determined that the given input image data corresponds 
to the second pixel P2, the CPU 62 so controls the switching 
section 60 that the input image data is given to only the 
second conversion table T M . 

The output image data outputted from the RAM 61 is 
given to the laser scanning unit 21. The laser scanning unit 
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21 irradiates the laser light 22 at an output light quantity 
level corresponding to the given output image data onto the 
photoreceptor 23, to expose the photoreceptor 23, as 
described above. 

3 FIGS. 4(a) and Mb) are diagrams for respectively explain- 
ing the contents of the first conversion table T M and the 
second conversion table T M . In FIGS. 4(a) and 4(6), the 
input image data is used to enter the horizontal axis, and the 
output image data is used to enter the vertical axis. Since the 

10 cutout image data represents the density of each of the 
pixels, the larger the value thereof is, the higher the density 
is. On the other hand, if the output light quantity level of the 
laser scanning unit 21 is increased, the amount of toner 
adhering on the photoreceptor 23 is increased. 
Consequently, the larger the value of the output image data 

15 is, the greater the output ligit quantity level is. 

The first conversion table T M corresponds to the first pixel 
PI, as described above. The first conversion table T 61 is for 
representing the gray level in an area where the input image 
data is at a relatively low level of not more than a boundary 

20 level T L (for example, T^ISO). Specifically, the contents of 
the first conversion table T M arc so set that the output image 
data becomes zero in an A area where the input image data 
is at not less man the lower-limit level (the zero level) and 
less than an under cut input level Aq, (for example , A^=^0) , 

25 as shown in FIG. 4(a). Further, the contents of the first 
conversion table T M are so set that the output image data 
linearly changes between an under cut output level A^ (for 
example, A^IS) and an upper cut output level V OL (for 
example, U aCt =200) in a B area where the input image data 

30 is at not less than the under cut input levdA^ncr more than 
the boundary level T^ In addition, the first conversion table 
T M is so set that the output image data becomes constant at 
the upper cut output level U^ irrespective of the input 
image data if the input image data is at more than the 

33 boundary level T L and not more than the upper-limit level 
(the 256 level). The above-mentioned boundary level T L has 
a level between 200 and 255, for example. 

The above-mentioned under cut output level A^ is a 
lower-limit level at which toner can adhere to the photore- 

40 ceptor 23. Specifically, at the output light quantity level of 
the laser scanning unit 21 corresponding to the output image 
data whose level is below the under cut output level A^ 
toner hardly adheres to the photoreceptor 23 due to an 
insufficient light quantity in terms of the characteristics of 

45 the photoreceptor 23. Therefore, the output gray level which 
is the gray level of the toner image hardly changes. 

On the other hand, the above-mentioned upper cut output 
level Uol is an upper-limit level at which the density of the 
toner image formed on the photoreceptor 23 is not saturated. 

50 Specifically, at the output light quantity level of die laser 
scanning unit 21 oonesponding to the output image data 
whose level exceeds the upper cut output level U w the 
qpirmnt of adhesion of toner is saturated due to an excess 
light quantity in terms of the characteristics of the pbotare- 

53 ceptor 23. Therefore, the output gray level hardly changes. 
The first conversion table T w is for performing data 
converting processing utilizing the output light quantity 
level in a range in which the relationship between the output 
light quantity level of the laser scanning unit 21 and the 

60 output gray level is linear with respect to input image data 
whose value is relatively small. The output light quantity 
level of the laser scanning unit 21 has a one-to-one corre- 
spondence with the output image data inputted to the laser 
scanning unit 21. Consequently, a linear portion of the 

65 input-output characteristics of the printer section 2 including 
the laser scanning unit 21 and the photoreceptor 23 is 
utilized. 
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Processing for determining the under cut output level output gray level of the second pixel P2 takes a value 

and the upper cut output level will be described later. corresponding to the under out output level A^, as shown 

On the other hand, the second conversion table T M 10 % a )- 

corresponds to the second pixel P2, as described above. Hie Since the output gray level of the first pixel PI is the zero 

second conversion table T M is for producing output image $ l^el, and the output gray level of the second pixel P2 is the 

data which linearly changes with respect to input image data unto cut output level \ OL , neither of the output gray levels 

whose value is relatively large. Specifically, in the second accurately corresponds to the a level which is the input gray 

conversion table T w , the output image data becomes con- leveL Sincc mc len * ft of one ""k of the pixel is about 63 

stant at an under cut output level A^ L irrespective of the (nm) (= Vi« (mm)), for example, and the ability of the human 

input image data in a D area where the input iniage data is to eyes is not too high with respect to a slight gray level 

at not less than the lower-limit level (the Wevd)nor more l^^^l^^S&S^ ^^P«^ 

than a boundary level T L9 as shown in FIG. 4(b)- In addition, ^ K " ^ 

rf . . J a 4r u j u . T: ' . 7 PN. That is, the cutout gray level perceived by the human 

*«ZT«r?l f rJ^™* ^ T" ^ becomes apprcSml^ the a level because the^J 

c*oiil(»^^^ levels of the pixels PI and P2 are affected by each otbeTas 

E area where the input image data is at more than the is m pjQ 5^ J ' 

5SS7i5 TL "* ^ *" * C ****** lwd Ref «ring now to FIGS. 5(c) and 5(d), it is assumed that 

\m m teveij, both the input image data respectively corresponding to the 

The second conversion table T M is for performing data first pixel PI and the second pixel P2 are at the boundary 

converting processing utilizing the output light quantity level T^. 

level in a range in which the relationship between the output 20 In this case, the output image data corresponding to the 

hght quantity level of the laser scanning unit 21 and the first pixel PI enters the upper cut output level IU, while the 

output gray levd is Unear with to input image data output image data corresponding to the second pixel P2 

whose value is relatively large. Although the output gray enters the under cut output level A^. Consequently, the 

^ corresponding to the input image data in the D area output gray levels of the first pixel PI and the scroti pixd 

ha^dianges, me outr^t unage data is at the under ait * P2 respectively become the V OL levd and the A^ lcvd/as 

output level A^ with the intention of supplementing the shown in FIG. 5(c). Therefore, the gray level perceived by 

gray level represented by the first pixd PL the human eyes becomes approximately the boundary level 

If the output image data is less than the under cut output T L which is the result of affecting the gray levels of the 

level Acu,, toner hardly adheres on the surface of the pixels PI and P2 by each other. 

phcjtorcccptor 23, as described above. As indicated by a 30 FIG. 6 is a flow chart for explaining processing far 

broken line in FIG. 4(b) , the contents of the second convex determining the under cut output level A™ and the upper cut 

sion table 62 may be so set that the output image data is output levd U^. This processing is performed in the final 

made zero if the input image data belongs to the D area, step in the process for fabricating a digital color copying 

while tinearry changing between zero and the upper cut machine or at the time of resetting processing in use. 

outr^levdU^rftheiin^ fa this processing, a reference a^naj is used The 

arca * reference original carries a density pattern in which 256 unit 

FIGS. 5(d) through 5(d) are diagrams for specifically areas which differ in the gray level from pure white to pure 

explaining the criaracteristics of the present embodiment In black are arranged in the direction of horizontal scanning. 

FIGS. 5(c) to 5(d), the gray levd is represented by the ^ An operator sets the reference original in a redetermined 

density of oblique hatching. The higher the density of the position on the transparent plate 3, and causes the copying 

oblique hatching is, the higher the gray levd is. machine to make color copying of the reference original 

Referring first to FIGS. 5(a) and 5(b), description is made (step SI). Data representing an input gray levd is obtained 

assuming that both input image data corresponding to the by the copying operation, and the data is given to the RAM 

first pixd PI and the second pixd P2 are at an a (for 45 61 and is temporarily hdd therein (step S2). In this copying 

example, tt=10) levd which is lower than the under cut input operation, the levd converting section 13 does not perform 

levd Ac,. levd conversion, to input the input image data as it is as the 

If it is determined by the CPU 62 that the input image H*t* output image data to the Laser scanning unit 21. 

corresponds to the first pixd PI, the input image data is The operator then sets the copy paper sheet which has 

given to the first conversion table T M , where the input image 50 been obtained by the above-mentioned copying operation in 

data is converted. In the first conversion table T M , the output a predetermined position on the transparent plate 3, and 

image data is zero if the input image data is at the a level, causes the copying machine to make color copying of the 

as shown in FIG. 4(a) f whereby the laser light 22 in quantity copy paper sheet (step S3) . Data representing an output gray 

coiTesrKroding to the zero levd (the minimum light quantity) level is acquired by the copying operation, and the d flta is 

is irradiated onto the photoreceptor 23 from the laser scan- 53 given to the RAM 61 and is teznporariry hdd therein (step 

ning unit 21. As a result, the output gray levd of the first S4). In the second copying operation, the image forming 

pixd PI enters the zero level, as shown in FIG. 5(a). operation need not be performed, and the operation of only 

If it is then determined by the CPU 62 that the input image tbe scanner section 1 is sufficient to perform the copying 

data corresponds to the second pixd P2, the input image data operation. 

is given to the second conversion table T 62J where the input 60 The CPU 62 reads out uie data hdd in the RAM 61 

image data is converted on the basis of the second conver- utilizing as one block data corresponding to 16 unit areas 

sion table T M . In the second conversion table T fr2 , the output which are continuous in the direction of horizontal scanning, 

image data corresponds to the under cut output levd A^ if The CPU 62 finds the average output gray levd A, (where 

the input image data is at the a level, as shown in FIG. 4(b), i=l to 16) of a plurality of unit areas constituting each of the 

whereby the laser light 22 in quantity corresponding to the 65 blocks on the basis of the read data (step S5). 

under cut output levd A^ is irradiated onto the photore- The above-mentioned blocking is performed so as to 

ceptor 23 from the laser scanning unit 21. As a result, the simplify the processing. Processing may be performed on 
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the basis of data representing the output gray levels in 256 
individual unit areas in place of the blocking, as required. 

A slope a, of the output gray level in each of the blocks 
acquired in the step S5 is acquired on the basis of data 
representing the input gray level held in the RAM 61 and the 
average output gray level A, in each of the blocks (step S6). 
For example, the slope a, is found on the basis of the 
difference between the minimum output gray level and the 
maximum output gray level in each of the blocks* This 
processing is processing for finding an inflection point in the 
change in the data representing the output gray level with 
respect to the data representing the input gray level 
(hereinafter referred to as "gamma characteristics**). 
Specifically, when a gamma characteristic curve is followed, 
at a given input gray level, a state where the output gray 
level hardly changes even if the input gray level changes 
proceeds to a state where the output gray level linearly 
changes with respect to the input gray level 

After the slope a* in each of the blocks is found, it is 
judged whether or not the slope a, is larger than a predeter- 
mined threshold value 6 (step S7). The processing in the step 
S7 is performed with respect to an blocks by repeating 
increment of i (step S8X 

If it is judged in the step S7 that a slope % in a block of 
r=3, for example, Is larger than the threshold value 6, it is 
considered that die state where the gamma characteristics 
haxdry change proceeds, in the block of i=3, to a state where 
the gamma characteristics linearly change. The average 
output gray level A, in a block of 1=2 adjacent to the block 
of i=3 on the upstream side (on the lower gray level side) in 
the direction of horizontal scanning is taken as the under cut 
output level (step S9). 

Processing for finding an input gray level at which the 
state where the output gray level linearly changes with 
respect to the input gray level proceeds to a state where the 
output gray level is saturated is then performed. Specifically, 
it is judged while incrementing i whether or not the slope a* 
in each of the blocks is smaller than a predetermined 
threshold value & (for example, & may equal to 0) (steps 
S10 and SU). As a result, if it is judged mat a slope a 12 In 
a block of i=12, for example, is smaller than the threshold 
value 0*, it is considered that the output gray level enters its 
saturated state in the block of 1=12, and the average output 
gray level A 12 i» the block of t=i2 is taken as the upper cut 
output level (step S12). 

As described in the foregoing, in the digital color copying 
machine according to the present embodiment, only a linear 
portion in the gamma characteristic curve (an input-output 
characteristic curve in the printer section 2) is utilized, and 
the gray level of an image to be formed is represented by the 
gray levels of two pixels in combination. Consequently, 
since the number of representafale gray levels increases, the 
output gray level can be apparently sufficiently changed with 
respect to the Input gray level at which the gray level cannot 
be sufficiently represented by one pixel particularly due to 
saturation. Consequently, a good image of many levels can 
be formed, whereby a high quality image can be formed. 

Although the foregoing is the description of the embodi- 
ment of the present invention, the present invention is not 
limited to the above-mentioned embodiment For example, 
although in the above-mentioned embodiment, description 
has been made of a case where the image farming apparatus 
is applied to the digital color copying rnachine by way of 
example, the present invention is also applicable to other 
apparatuses for forming images such as a digital mono- 
chrome copying machine or a colcff/morochrome facsimile. 
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Although in the above-mentioned einbodiment, descrip- 
tion has been made of a case where the boundary level 
is fixed by way of example, the boundary level T L may be 
arbitrarily changed. Specifically, an operating section 65 

5 such as a keyboard may be connected to the CPU 62 in the 
level converting section 13 to variably set the boundary level 
T L from the operating section 65. In this case, the CPU 62 
updates the contents of the first conversion table T M and the 
second conversion table T M on the basis of the boundary 
level T L newly set, the under cut output level A^,, the upper 
cut output level Uol> and the like. This makes it possible to 
form an image whose gray level is represented suitably for 
the characteristics of the human eyes, for example. Since the 
human eyes have the property of relatively satisfactorily 
identifying the change in a low gray level, whereby an image 

15 of more levels can be apparently obtained if the boundary 
level T L is set to a relatively high gray level, for example. 

Although in the above-mentioned embodiment, the rep- 
resentation of image density at many gray levels is realized 
using a group of pixels including two pixels, the represen- 

20 tation of image density at many gray levels may be realized 
using a group of pixels including three or more pixels. In this 
case, the input gray level may be divided into areas whose 
number corresponds to the number of pixels constituting the 
group of pixels. 

25 Furthermore, in the above-mentioned embodiment, 
description has been made of a case where the image data is 
composed of eight hits to represent density at 256 gray levels 
with the "wmnim gray level being 255 by way of example. 
However, the present invention is also applicable to a system 

3Q using 7-bit image data representing density at 128 levels, 0 
through 127, a system using 9-bit image data representing 
density at 512 level, 0 through 511, and the like. That is, the 
form of the representation of image density is arbitrarily 
selectable. 

Although the present invention has been described and 
illustrated in detail, it is dearly understood that the descrip- 
tion is by way of illustration and example only and is not to 
be **k«n by way of limitation, the spirit and scope of the 
present invention being limited only by the terms of the 
appended claims. 

40 what is claimed is: 

1. An image data processor for processing input image 
data representing a gray level of each of a plurality of pixels 
constituting an input image to produce output image data 
representing a gray level of each of a plurality of pixels 

45 constituting an output image, the image data processor 
comprising! 

position identifying means for identifying a relative posi- 
tion of a pixel corresponding to the input image data in 
a group of pixels including a predetermined number of 

50 pixels; and 

data processing means for subjecting the input image data 
to data processing corresponding to the relative posi- 
tion of the pixel in the group of pixels based on the 
result of the identification by the position identifying 

55 means and producing output image data to be given to 
image outputting means, the image outputting means 
having input-output characteristics conforming to 
gamma characteristics such that a gray level of an 
output image linearly changes with respect to input data 

60 in a certain gray level range, while hardly changing 
outside the certain gray level range, me data processing 
means subjecting the input image data to data process- 
ing such that 

an upper cut value and an under cut value smaller than 
65 the upper cut value are determined in a range for 

which the gray level of an output image linearly 
changes, 
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for each pixel in the group of pixels, an entire gray level 
range of the input image data is divided into gray 
level area portions corresponding to the relative 
position of the pixel in the group of pixels, and 
the data processing means outputs output image data 5 
which linearly changes from the under cut value to 
the upper cut value with respect to input image data 
in at least a part of the gray level area portion 
corresponding to the position of the pixel in the 
group of pixels, as output image data corresponding to 
to the input image data; and 
means for variably setting a boundary value which divides 
the gray level range of the input image into the plurality 
of level area gray portions. 
2- An image data processor according to claim 1, wherein is 
the data processing means outputs the under cut value as 
output image data with respect to input image data 
which is below the gray level area portion correspond- 
ing to the position of the pixel in the group of pixels, 
while outputting the upper cut value as output image 20 
data with respect to input image data which exceeds the 
gray level area portion corresponding to the positio n of 
the pixel in the group of pixels. 

3. An image data processor according to claim 1, wherein 
the data processing means includes for each gray level 25 

area portion a data conversion table staring the output 
image data which linearly changes from the under cut 
value to the upper cut value with respect to the input 
image data in the gray level area portion. 

4. An image data processor according to claim 1, wherein 30 
the under cut value is equal to output data for the image 

outputting means in the vicinity of a point at which a 
slope of an input-output characteristic curve of the 
image outputting means changes from a value of less 3 
than a predetermined threshold value to a value of not 
less man the predetermined threshold value in the 
input-output characteristic curve, and 
the upper cut value is equal to output data for the image 
outputting means in the vicinity of a point at which the ^ 
slope of the input-output characteristic curve of the 
image outputting means changes from a value of not 
less than the predetermined threshold value to a value 
of less than the prcd&enmned threshold value in the 
input-output characteristic curve. 43 

5. An image data processor according to claim 1, wherein 
the group of pixels includes two adjacent pixels. 

6. An image forming apparatus, ramping 

an image data processor for processing input image data 
representing a gray level of each of a plurality of pixels x 
constituting an input image to produce output image 
data representing a gray level of each of a plurality of 
pixels constituting an output image; and 
image cutputting means for forming an image based on 
output image data of the image processor, the image 55 
outputting means having input-output characteristics 
cunfuaning to gamma characteristics such that a gray 
level of an output image linearly changes with respect 
to input data in a certain gray level range, wmle hardly 
changing outside the certain gray level range, 60 
the image data processor including 
position identifying means for identifying a relative 
position of a pixel corresponding to the input image 
data in a group of pixels including a predetermined 
number of pixels; and 65 
data processing means far subjecting the input image 
data to data processing corresponding to the relative 



position of the pixel in the group of pixels based on 
the result of the identification by the position iden- 
tifying means, the data processing means subjecting 
the input image data to data processing such that 
an upper cut value and an under cut value smaller 
than the upper cut value are determined in a range 
far which the gray level of an output image 
linearly changes, 
for each pixel in the group of pixels, an entire gray 
level range of the input image data is divided into 
gray level area portions corresponding to the rela- 
tive position of the pixel in the group of pixels, 
and 

the data processing means outputs output image data 
which linearly changes from the under cut value to 
the upper cut value with respect to input image 
data in at least apart of the gray level area portion 
corresponding to the position of the pixel in the 
group of pixels, as output image data correspond- 
ing to the input image data; and 
means for variably setting a boundary value which divides 

the gray level range of the input image into the plurality 

of level area gray portions. 

7. An image forming apparatus according to claim € f 
wherein 

the image outputting m^anc includes 
a photoreceptor, 

exposing means for exposing the photoreceptor to light 
in a quantity corresponding to the output image data 
of the image data processor in order to write an 
electrostatic latent image onto the ptotcreceptor, and 

developing means for developing the electrostatic 
latent image formed on the photoreceptor into a toner 
image. 

8. An image farming apparatus according to rfjim 6, 
wherein 

the data processing means outputs the under cut value as 
output image data with respect, to input image data 
which is below the gray level area portion correspond- 
ing to the position of the pixel in die group of pixels, 
while cmtputting the upper cut value as output image 
data with respect to un^in image o^whicft exceeds the 
gray level area portion corresponding to the position of 
tiie pixel in the group of pixels. 

9. An image forming apparatus according to claim 6, 
wherein 

the data processing means includes for each gray level 
area portion a data conversion table storing the output 
image data which linearly changes from the under cut 
value to the upper cut value with respect to the input 
image data in the gray level area portion. 

10. An image farming apparatus according to claim 6, 
wherein 

the under cut value is equal to output data for the image 
outputting means in the vicinity of a point at which a 
slope of an input-output characteristic curve of the 
image outputting means changes from a value of less 
than a rxedctezmined threshold value to a value of not 
less than the predetermined threshold value in the 
input-output characteristic curve, and 

the upper cut value is equal to output data for the image 
outputting means in die vicinity of a point at which the 
slope of the input-output characteristic curve of die 
Image outfitting means changes from a value of not 
less than the predetermined threshold value to a value 
of less than the predetermined threshold value in the 
input-output characteristic curve. 
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11. Ail image data processor according to claim 6, 
wherein the group of pixels includes two adjacent pixels. 

12. An image data processor for processing input image 
data, representing a gray level of each of a plurality of input 
pixels constituting an input image, to produce output image 
data, representing a gray level of each of a plurality of output 
pixels constituting an output image, the image data proces- 
sor comprising: 

means for identifying a relative position of an input pixel 

within a rxedetermincd group of input pixels; and 
means for producing output image data corresponding to 
the input pixel, based upon the identified relative posi- 
tion of the input pixel, the means for producing output 
image data corresponding to the input pixel including 
means for dividing an input image data range into a 
plurality of separate portions, such that a portion of 
the input image data range corresponds to each input 
pixel among the predetermined group of input pixels, 
and 

means for outputting output image data such that, 
when input image data representing a gray level of 
the input pixel is less than the portion of the input 
image date range corresponding to the input pixel, 
output image data having a first predetermined 
value is output, 
when input image data representing the input pixel 
falls within the portion of the input image data 
range corresponding to the input pixel, output 
image data is output according Co a linear rela- 
tionship with the input image data, and 
when input image data representing the input pixel is 
greater man the portion of the input image data 
range corresponding to the input pixel, output 
image data having a second predetermined vame 
is output 

13. An image data processor according to claim 12, 
wherein output image data, which output image data is 
produced when input image data representing the input pixel 
rails within the portion of me input image data range 
corresponding to the input pixel, linearly varies from the first 
rredetermmed vame to the second pr^^ with 
respect to the input image data. 

14. An image data processor according to claim 12, 
wherein, for each portion of the input image data range, 
output image data corresponding to the input image data of 
the portion of the input image data range is stored in a data 
conversion table. 

15. An image data processor according to claim 12, 
wherein 

die output image data is produced by means for outputting 
an image; 

the first predetermined value is equal to a first output 
value for the means for outputting an image in a 
vicinity of a value at which a slope of an input-ourput 
characteristic curve of the means for outputting an 
image changes from less than a predetermined thresh- 
old value to a value of not less than the predetermined 
threshold value in the input-omput characteristic curve, 
and 

the second predetermined value is equal to a second 
output value for the means for otitpitHng an image in 
a vicinity of a value at which the slope of the input- 
output characteristic curve of the means for outputting 
an image changes from not less than the predetermined 
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threshold value to of less than the predetermined 
threshold value in the input-output characteristic curve. 

16. An image data processor according to claim 12, 
further including means for variably setting one or more 
boundary values separating the portions of the input image 
data range. 

17. An image data processor according to claim 12, 
wherein the predetermined group of input pixels includes 
two adjacent input pixels. 

lft. An image forming apparatus, comprising: 
an image data processor as recited in claim 12; and 
Image outputting means for forming an image based upon 
output image data from the image data processor. 

19. An image forming apparatus according to claim 18, 
wherein 

the image outputting means includes 
a photoreceptor, 

exposing means for exposing the photoreceptor light in 
a quantity corresponding to the output image data of 
the image data processor in order to write an elec- 
trostatic latent image onto the photoreceptor, and 
developing means for developing the electrostatic 
latent image formed on the photoreceptor into a toner 
image. 

20. An image forming apparatus according to claim 18, 
wherein output image data, which output image data is 
produced when input image data representing me inp^ pixel 
falls within the portion of the input image data range 
corresponding to the input pixel, lmeariy varies from the first 

ppvl^nTriiy^ vain* tn tfia eggftnd fr+A*frm\nrA vrfnft with 

respect to the input image data. 

2L An image forming apparatus according to claim lft, 
wherein, for each portion of the input image data range, 
output image data corresponding to the input image data of 
the portion of the input image data range is stored in a data 
conversion table. 

22 An image forming apparatus according to claim IS, 
wherein 

the first predetermined value is equal to a first output 
value for the means for cwrtputting an image in a 
vicinity of the value at which the slope of the input- 
output characteristic curve of the means for outputting 
an image changes from less man the predetermined 
threshold value to the value of not less than the pre- 
determined threshold value in the input-output charac- 
teristic curve, and 
the second predetermined value is equal to a second 
output value data far the means for outputting an image 
in a vicinity of the vame at which the slope of the 
input-output characteristic curve of the means for out- 
putting an image changes from not less than the pre- 
determined threshold value to of less than the prede- 
termined threshold value in the input-output 
characteristic curve* 

23. An image forming apparatus according to claim 18, 
further including means for variably setting one or more 
boundary values separating portions of the input image data 

60 range. 

24. An image forming apparatus according to claim lft, 
wherein the predetennined group of input pixels includes 
two adjacent input pixels. 
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